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were statistically associated with endoleak formation, sur-
geons might be able to choose a more optimal site preop-
eratively before graft implantation or exclude patients with
the predisposing characteristics. We therefore performed a
retrospective analysis of the preoperative radiologic studies
of our first 100 endovascular AAA repairs to determine the
possible importance of these factors.
METHODS
Between February 1993 and September 1998, 100
infrarenal aneurysms were treated by a single surgeon,
using the EVT system (Endovascular Technologies, Inc,
Menlo Park, Calif) as described previously.4,5 Follow-up
ranged from 3 months to 6 years. Graft types implanted
included 39 tube, 45 bifurcated (aortobiiliac) and 16
aorto(uni)iliac with femorofemoral crossover grafts. Ten
patients (5 tube, 4 bifurcated, and 1 aortoiliac grafts) were
converted to open procedures and therefore excluded
from further analysis in the study. In addition, preopera-
tive radiographic studies could not be located in three
patients (2 tube, 1 bifurcated grafts), and they were simi-
larly excluded.
All patients underwent a standardized preoperative
workup,4,5 including thin-cut (3 mm) abdominal com-
puted tomography (CT) scans and abdominal aortograms.
After implantation, all patients were followed with abdom-
Nearly 50 years after the initial successful open repair
of an abdominal aortic aneurysm (AAA),1 endovascular
treatment of aneurysms is becoming increasingly used as a
less invasive alternative method of repair. Endoluminal
AAA repair uses minimally invasive techniques to exclude
the aneurysmal portion of the aorta from the circulation
by lining it with a prosthetic graft. These grafts suffer from
an inherent complication termed endoleak,2,3 defined as
persistence of blood flow outside the graft lumen but
within the aneurysm sac.
We hypothesized that certain inherent anatomic fac-
tors such as aortic thrombus, calcification, excessive angu-
lation, patent lumbar or inferior mesenteric arteries, and
vessel-graft size discrepancies might predispose to the
development of endoleaks. If one or more of such factors
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Objective: The failure to maintain a secure exclusion of aortic aneurysms with intraluminally placed grafts has been
termed endoleak. We performed a retrospective review of our first 100 transluminally repaired abdominal aortic
aneurysms (AAAs) in an effort to identify preoperative factors that could predict which patients would have endoleaks.
Methods: Between February 1993 and September 1998, 100 infrarenal aneurysms were treated with tube (39), bifur-
cated (45), and aortoiliac grafts (16). Endoleaks (early and late) developed in 34 patients. Preoperative computed
tomography scans and angiograms for all patients were individually inspected by a single reviewer. Aortic characteris-
tics analyzed included number of patent lumbar arteries, presence of a patent inferior mesenteric artery (IMA), calcifi-
cation and thrombus at proximal and distal attachment sites, proximal aortic angulation, and graft-vessel size
discrepancy at proximal and distal attachment sites. The prevalence of the preoperative factors was compared among
patients with and without endoleaks.
Results: Endoleaks developed in 44% of tube, 33% of bifurcated, and 47% of aortoiliac grafts (P = .51). Correlation
between total number of patent lumbar arteries, presence of a patent IMA, and endoleaks was not significant (P = .44,
.95). Calcification at either proximal or distal attachment site did not increase the risk of endoleaks (P = .50, .62). The
presence of thrombus at the attachment site (proximally or distally) also failed to increase endoleak rates (P = .12, .78).
Degree of proximal aortic angulation did not differ between groups (P = .39). Size discrepancies between graft and aorta
or iliac vessels at proximal or distal sites did not significantly differ (P > .54, > .13). Subgroup analysis of endoleaks with
different tube types also failed to demonstrate significant differences among the three graft types (P > .05).
Conclusion: Endoleaks develop in a significant number of endovascularly repaired AAAs. We were unable to demon-
strate a statistically significant association with anatomic characteristics thought to predispose to the development of
endoleaks. We find no predictive value associated with these anatomic factors. (J Vasc Surg 2001;33:739-44.)
inal ultrasound and CT scans at regular intervals to assess
for the presence, persistence, or development of endoleaks.
A single reviewer analyzed the preoperative radio-
graphic studies of the first 100 endovascular EVT aortic
grafts implanted at the UCLA Medical Center. The
reviewer was blinded with regard to patients who eventu-
ally developed endoleaks. Preoperative angiograms
(anteroposterior and lateral) were inspected and mea-
sured for the presence of a patent inferior mesenteric
artery (IMA) and total number of patent lumbar arteries,
as well as the angulation (0, 30, 45, or 60 degrees) of the
proximal neck of the infrarenal aorta (Figs 1 through 4).
CT scans were assessed for degree of calcification and
thrombus at the proposed proximal and distal graft
attachment sites (Fig 5). Analysis of diameter differences
between recipient vessels (aorta and/or iliacs) and
implanted grafts was also performed. All results were tab-
ulated and subjected to statistical analysis (InStat, version
2.01; Graph Pad Software, Los Angeles, Calif), compar-
ing patients with and without endoleaks, among all grafts
in general as well as within individual graft types.
RESULTS
The results of our analysis are presented in Tables I
through V. Our overall initial endoleak rate of 39% is con-
sistent with prior studies. Only 6% of patients had residual
endoleaks at 12 months, with the remainder sealing spon-
taneously or by secondary intervention. We found no sta-
tistically significant differences in endoleak development
among tube, bifurcated, and aortoiliac graft types (Table I).
The presence of calcification on preoperative CT scans
at either proximal or distal attachment sites did not signif-
icantly affect endoleak development rates among individ-
ual graft types and all grafts combined (Tables II through
V). The presence of thrombus on preoperative CT scan at
either attachment site similarly failed to predict endoleak
development. Degree of aortic angulation at the proximal
attachment site was not statistically different between leak
and nonleak patients in general or within the three graft
types.
Branch, or inflow, vessels failed to demonstrate statis-
tically significant differences between leak and nonleak
patients as well, both among grafts overall and within each
individual graft type. The presence of a patent IMA on
preoperative angiogram failed to predict endoleak forma-
tion in the total or individual graft groups. The total num-
ber of patent lumbar arteries visualized on preoperative
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Fig 1. Example of proximal aortic angulation (45 degrees). Note
absence of lumbar arteries and IMA (see Fig 2 for lateral view).
Fig 2. Lateral view on preoperative angiogram demonstrating
absence of lumbar arteries and lack of IMA.
Table I. Comparison of endoleak development among
graft types
Graft type (total) Leaks No leaks %
Tube (32) 14 18 44
Bifurcated (40) 13 27 33
Aortoiliac (15) 7 8 47
All (87) 34 53 39
P = .51
angiogram similarly showed no statistically significant dif-
ference between leak and nonleak patients within individ-
ual graft types or in grafts overall.
Proximal neck graft-vessel diameter differences were
not significantly different among leak and nonleak
patients, regardless of graft types. Similarly, distal graft-
vessel diameter differences also failed to demonstrate sig-
nificant differences among any group with regard to
endoleak formation.
DISCUSSION
Nearly 50 years after the initial case report of success-
ful replacement of an AAA with a homograft,1 the tech-
nique of surgical repair for this problem has been
continually refined. Retroperitoneal open approaches have
been advocated in an effort to reduce the morbidity and
mortality associated with this procedure. Mortality rates of
5%6 for elective repair and up to 50% for repair of ruptured
AAA7 are quoted from centers of academic excellence.
Some studies suggest mortality rates of up to 10%7 in the
community at large. Endovascular techniques of repair
have been proposed as a possible means of reducing this
risk by their inherent less invasive nature.
Percutaneous treatment of occlusive arterial disease
has become an increasingly accepted part of vascular sur-
gical practice since 1969.8 Although initially confined to
occlusive disease, endovascular techniques have been
readily adapted for use in treating aneurysmal disease.
Studies performed in animals demonstrated the feasibility
of using stent-graft constructs, introduced through
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femoral artery catheter techniques, in the repair of aortic
aneurysms.9 Parodi et al10 reported the first endoluminal
repair of AAA in humans in 1991. Since this initial report,
the feasibility of endovascular aneurysm repair in selected
patients has been well established, and a number of
devices are currently undergoing clinical evaluation or
Fig 4. Lateral view of preoperative angiogram demonstrating six
patent lumbar arteries and patent IMA.
Fig 5. Example of thrombus and calcification in the infrarenal
aorta at proposed proximal attachment site. Note takeoff of left
renal artery.
Fig 3. Anteroposterior view of patent lumbar arteries and patent
IMA on preoperative angiogram.
await Food and Drug Administration approval before
market release.
Endoluminal AAA repair uses minimally invasive tech-
niques to exclude the aneurysmal portion of the aorta
from the circulation by lining it with a prosthetic graft.
Most devices fall into one of three categories: tube grafts,
bifurcated aortoiliac grafts, or aortouniiliac grafts with
femorofemoral crossover grafting. All of these different
types of grafts have an inherent complication termed
endoleak.2,3 Endoleak is defined as the persistence of
blood flow outside the graft lumen but within the
aneurysm sac. The leak may be from the proximal or dis-
tal attachment sites of the graft, from side-branch vessels
that continue to feed the aneurysm sac itself, from defects
in graft material, and from component separation in mod-
ular graft designs. These endoleaks have been termed
types I through IV, respectively. This complication can
occur early after implantation or may be discovered during
routine postoperative follow-up studies. Although most
patients with endoleaks seal spontaneously,11 some require
further interventions including coil embolization of feed-
ing vessels or endoluminal lining of the area of leak.
Although some investigators3,12-14 have analyzed
endoleaks with regard to their location, to our knowledge
no one has reviewed the preoperative radiographic studies
of patients who were subsequently noted to have developed
endoleaks. Such a review might serve to identify anatomic
factors that could predict the development of endoleaks,
allowing the surgeon to better select patients for this proce-
dure. Anatomic factors that might hypothetically predispose
to endoleak formation include the presence of thrombus or
excessive calcification at attachment sites of graft to vessel,
total number of patent lumbar arteries, patent IMA, proxi-
mal aortic angulation, and graft-vessel size discrepancies at
the proximal and distal attachment sites.
Our review identified those patients who ultimately
developed endoleaks, early or late, as noted on routine
postoperative follow-up of our first 100 endovascular
implantations. Preoperative radiographic studies for all
100 patients, consisting of aortograms and spiral CT scans
of the abdomen, were retrospectively analyzed by a single
reviewer in a blinded fashion. Data from 13 patients (10
converted to open repair and 3 with unobtainable preop-
erative studies) were not included. The results were then
tabulated and analyzed, both among each individual graft
type and for all grafts combined, for any statistically sig-
nificant association with eventual endoleak formation. We
failed to find any statistically significant association with
any of the chosen anatomic characteristics and eventual
endoleak development.
We demonstrated an endoleak rate consistent with
previously reported studies.4,15-17 Endoleak rates were
similar among each individual graft type. No correlation
was found with the presence of thrombus or calcification
at either attachment site of the graft. This may be
explained by the large lateral wall force exerted by the
endoluminal balloon used during deployment, forcing the
self-expanding attachment hooks through the intervening
substance into the vessel wall. In addition, the attachment
system has been designed to implant irreversibly into the
target tissue, providing a tight seal. Three inflations of 
the intra-aortic balloon further serve to tightly implant the
hooks. This finding may be device specific because of 
the unique nature of the EVT attachment system.
Size discrepancies between vessel and graft also failed
to demonstrate a statistical significance with endoleak for-
mation. Careful preoperative vessel sizing by the operating
surgeon and by EVT radiologists and vascular consultants
(demonstrated by the small graft-vessel differences that
were found) allows for proper selection of graft sizes
before implantation and therefore seems to play an
insignificant role in endoleak causation. The flexible
attachment system with intraluminal balloon seating
would help correct any moderate size discrepancy. Degree
of aortic angulation similarly failed to show statistical sig-
nificance with eventual endoleak formation. The inherent
flexible nature of the EVT graft, due to its lack of a rigid
endoskeleton, allows for flexure of the graft and optimal
apposition to vessel at both attachment sites and may
explain the lack of influence on endoleak formation. Our
conservative selection of patients with angulation of 60
degrees or less could also be a contributing factor.
We were surprised by the statistical lack of correlation
of patent IMA and the number of lumbar arteries with
endoleak formation. This is considered by some to be the
primary mechanism in the formation of type II
endoleaks,2,12,18 although some investigators13 have also
failed to demonstrate a statistical significance between
patent side-branches and eventual endoleak formation.
One can postulate that the flow demonstrated on preop-
erative angiograpy may be small enough to allow for
exclusion and eventual thrombosis in most cases.
Endoleaks appear to be an unpredictable consequence
of endovascular aneurysm repair. Fortunately, most are
self-limited and spontaneously seal. Although persistent
endoleak is an undesirable result, there are data to suggest
that an endovascular graft with endoleak sufficiently
changes the intra-aneurysmal pressure characteristics so as
to reduce the risk of aneurysm sac enlargement and the
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Table II. Significance of anatomic variables on endoleak
formation in all grafts
Leaks No leaks
Variable (n = 34) (n = 53) P value
Calcification, proximal neck 11 22 .50
Calcification, distal neck 20 27 .62
Thrombus, proximal neck 9 23 .12
Thrombus, distal neck 5 10 .78
Aortic angulation (average) 21 degrees 22 degrees .39
Patent IMA 44% 43% .95
Patent lumbar arteries 3.0 3.3 .44
(average number)
propensity for rupture.19 Patients with persistent endoleak
should be followed up with periodic CT scans. Conversion
to open repair should be limited to those cases with
demonstrable aneurysm sac enlargement.
CONCLUSION
Endoleaks develop in a significant number of patients
after transfemoral endoluminal repair of AAA. Although
most endoleaks seal spontaneously, some require further
surgical intervention. Our study failed to demonstrate a
statistically significant association with many anatomic
characteristics thought to inherently predispose to
endoleak formation. We found no predictive value in
assessing preoperative radiographic studies for these fea-
tures.
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